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URXWLQJSURWRFRO IRU0$1(7XVLQJYDJXH VHWPHDVXUHPHQW WHFKQLTXH7KHEDVLF LGHDRI WKLVSURSRVHGSURWRFRO LV WR VHOHFWDQ
HQHUJ\HIILFLHQWURXWHEDVHGRQYDJXHVHWPHDVXUHPHQWWHFKQLTXH9DJXHVHWPHDVXUHPHQWWHFKQLTXHPDLQO\XVHGLQWHUYDOEDVHG
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,QWHUQHW9LVLRQ1HW¶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0$1(79DJXHVHW)X]]\ORJLF([SHUWV\VWHP
,QWURGXFWLRQ
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LQIUDVWUXFWXUHVXFKDVEDVHVWDWLRQVRUPRELOHVZLWFKLQJFHQWHUV(YHU\PRELOHQRGHWKDWLVZLWKLQHDFKRWKHU¶VUDGLR
UDQJHFRPPXQLFDWHVGLUHFWO\YLDZLUHOHVVOLQNV7KHVHQRGHVDUHRUJDQL]HGLQHLWKHUKRPRJHQHRXVRUKHWHURJHQHRXV
PDQQHUDQGW\SLFDOO\PRYHLQDQ\GLUHFWLRQWKH\ZDQWGXHWRLWVG\QDPLFQDWXUH7KHLQFUHDVHRIFKHDSHUVPDOOHU
DQGPRUHSRZHUIXOGHYLFHVPDNHV0$1(7DVDIDVWHVWJURZLQJQHWZRUN>@>@$GHYLFHLQD0$1(7VKRXOGEH
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GDWDDQGVHUYLFHV$GKRFQHWZRUNLQJDOORZV WKHGHYLFHV WRPDLQWDLQFRQQHFWLRQV WR WKHQHWZRUNDVZHOODVHDVLO\
DGGLQJDQGUHPRYLQJGHYLFHVWRDQGIURPWKHQHWZRUN$PRELOHQRGHLVKLJKO\DFWLYHDQGGLVWULEXWHGLQQDWXUHDV
WKHQRGHVDUHSRZHUHGE\EDWWHULHVZLWKOLPLWHGFDSDFLW\7KHUHDUHGLIIHUHQW VRXUFHVRIHQHUJ\FRQVXPSWLRQLQDQ
DGKRFQHWZRUNQRGH7KHHQHUJ\FRQVXPSWLRQRFFXUUHGGXHWRVHQGDSDFNHWUHFHLYLQJDSDFNHWWKHQRGHZKHQLGOH
PRGHZKLFKRFFXUVZKHQWKHZLUHOHVVLQWHUIDFHRIWKHQRGHLVWXUQHGRII3RZHUIDLOXUHRIDQRGHQRWRQO\DIIHFWWKH
QRGHLWVHOIEXWDOVRLWVDELOLW\WRIRUZDUGSDFNHWVRQEHKDOIRIRWKHUVDQGWKXVWKHRYHUDOOQHWZRUNOLIHWLPH7KHUHIRUH
HQHUJ\ HIILFLHQW URXWLQJ LQGLFDWHV VHOHFWLQJ URXWHV WKDW UHTXLUH D VKRUW GLVWDQFH ZLWK KLJK HQHUJ\ 7KHUHIRUH WR
LPSURYHWKHQHWZRUNSHUIRUPDQFHWKHQRGHVVKRXOGVHOHFWWKHEHVWURXWHLQWHUPVRILWVUHPDLQLQJOLIHWLPH6LQFHWKH
IDFWRUV LPSDFWLQJ WKH URXWH OLIHWLPH DUH XQSUHGLFWDEOH WKH URXWH RI UHPDLQLQJ OLIHWLPH FDQQRW EH V\VWHPDWLFDOO\
GHULYHG8QGHUWKLVVLWXDWLRQHQHUJ\RIEDWWHULHVDQGGLVWDQFHEHWZHHQQRGHVFDQEHPHDVXUHGE\DYDJXHVHW

7KHUHVWRI WKLVSDSHULVRUJDQL]HGDV IROORZV6HFWLRQSURYLGHV UHODWHGZRUNGRQH LQHQHUJ\HIILFLHQWURXWLQJ
SURWRFRO IRUDGKRFQHWZRUN6HFWLRQDGGUHVVHV WKHSUHOLPLQDULHVUHODWHG WR WKHSURSRVHG SURWRFRO'HWDLOVRI WKH
SURSRVHGSURWRFRODUHGHVFULEHGLQVHFWLRQ6HFWLRQLOOXVWUDWHVWKHVLPXODWLRQUHVXOWVRIWKHSURSRVHGSURWRFRODQG
FRPSDUHVLWZLWKH[LVWLQJSURWRFRO)LQDOO\6HFWLRQFRQFOXGHVWKHSDSHU
5HODWHG:RUN
7KHUHKDYHEHHQDORWRIZRUNLVGRQHZLWKHQHUJ\HIILFLHQWURXWLQJVXFKDV*LO=XVVPDQDQG$GULDQ6HJDOO>@
SURSRVHGDPHWKRGWRFRQVWUXFWDQDGKRFQHWZRUNRIZLUHOHVVVPDUWEDGJHV LQRUGHUWRDFTXLUHLQIRUPDWLRQ IURP
WUDSSHGVXUYLYRUV+HUHWKHDXWKRUVLQYHVWLJDWHWKHHQHUJ\HIILFLHQWURXWLQJSUREOHPWKDWDULVHVLQVXFKDQHWZRUNDQG
WKH\ KDYH VKRZQ WKDW VLQFH VPDUW EDGJHV KDYH YHU\ OLPLWHG SRZHU VRXUFHV DQG YHU\ ORZ GDWD UDWHV ZKLFK LV
LQDGHTXDWHLQDQHPHUJHQF\VLWXDWLRQ7KLVSUREOHPLVIRUPXODWHGDVDQ\FDVWURXWLQJSUREOHPLQZKLFKWKHREMHFWLYH
LV WRPD[LPL]H WKH WLPH XQWLO WKHﬁUVW EDWWHU\ GUDLQV RXW <X HW DO >@ VXUYH\V DQG FODVVLILHGV WKH HQHUJ\DZDUH
URXWLQJ SURWRFROV SURSRVHG IRU 0$1(7V 7KH\ PLQLPL]H HLWKHU WKH DFWLYH FRPPXQLFDWLRQ HQHUJ\ UHTXLUHG WR
WUDQVPLWRUUHFHLYHSDFNHWVRUWKHLQDFWLYHHQHUJ\FRQVXPHGZKHQDPRELOHQRGHVWD\VLGOHOLVWHQLQJWRWKHZLUHOHVV
PHGLXPIRUDQ\SRVVLEOHFRPPXQLFDWLRQUHTXHVWVIURPRWKHUQRGHV6XHWDO>@SURSRVHGWKHIX]]\ORJLFPRGLILHG
$2'9URXWLQJ )0$5SURWRFRO IRUPXOWLFDVWURXWLQJLQ0$1(77KHPDLQDLPRI WKLVSURWRFRO LVG\QDPLFDOO\
HYDOXDWH WKH DFWLYH URXWHV EDVHG RQ IX]]\ ORJLF ZHLJKWHG PXOWLFULWHULD ,W DOVR KHOSV WR PDQDJH WKH OLPLWHG
EDQGZLGWKVRIZLUHOHVVOLQNV%XWLWKDVVRPHGUDZEDFNVWKDWWKHSURSRVHGSURWRFROGLGQ¶WFDOFXODWHUDWLQJYDOXHVRI
DOOSRVVLEOHURXWHVDQGLWVHOHFWVVRPHVSHFLILFURXWHRQO\7KHUHIRUHGHWHUPLQLQJKLJKO\XVHIXOURXWHVDUHTXLWHKDUG
:DQJ HW DO >@ SURSRVHG D SRZHUDZDUH SURWRFRO WR VHOHFW D VWDEOHPDQDJHU IURPPRELOH KRVWV E\ IX]]\ EDVHG
LQIHUHQFHV\VWHPVEDVHGRQWKHIDFWRUVRIVSHHGEDWWHU\SRZHUDQGORFDWLRQ,QWKH3RZHUDZDUHPDQDJHUSKDVHWKH
DXWKRUVVHOHFWDQDSSURSULDWHSRZHUDZDUHPDQDJHUWRWDNHFDUHRIWKHLQWUDFHOODQGLQWHUFHOOWDVNV7KLVSURSRVHG
SURWRFROXVHVWKHPXOWLPRELOHDJHQWWRGLYLGHWKHPDQDJHUZRUNORDGLQWKHSRZHUDZDUHPXOWLPRELOHDJHQWSKDVH
)XUWKHUPRUHWKHDXWKRUVGLYLGHGWKHPXOWLPRELOHDJHQWVLQWRWZRSDUWVWKHSRZHUDZDUHLQWUDPRELOHDJHQW3$,
0$ DQG SRZHUDZDUH LQWHUPRELOH DJHQW 3,(0$ 7KH 3,$0$ LV UHVSRQVLEOH WR VXSSRUW WKH ZRUNORDG RI
PDQDJLQJ LQ LQWUDFHOO DQG WKH3,(0$ LV UHVSRQVLEOH IRU LQWHUFHOO EXW LWKDV D OLPLWDWLRQ WKDW WKHKRS FRXQWQRW
FRQVLGHUKHUHIRUPDQDJLQJWKHSRZHURIDGKRFQHWZRUNV

+RZHYHUQRQHRI WKHDERYHPHWKRGVDGGUHVV WKHHQHUJ\HIILFLHQWURXWLQJDQGQHWZRUN OLIHWLPH LVVXHV WRJHWKHU
EDVHG RQ YDJXH VHW7KHUHIRUH LQ WKH SURSRVHG SURWRFROZH FRQVLGHU ERWK WKHVH LVVXHV EDVHG RQ YDJXH VHW ,QD
0$1(7WKHUHDUHGLIIHUHQWXQFHUWDLQWLHVRIPRELOHQRGHVVXFKDVPRELOLW\GUDLQLQJRIEDWWHU\SRZHUDQGHQHUJ\
FRQVXPSWLRQ6RWKHPDLQDGYDQWDJHRIWKLVSURSRVHGSURWRFROLVWKDWPHDVXUHGGLIIHUHQWXQFHUWDLQWLHVXVLQJYDJXH
VHW 7KH YDJXH VHW LV PRUH H[SUHVVLYH LQ FDSWXULQJ YDJXHQHVV RI WKH GDWD EHFDXVH LW LV XVHG LQWHUYDOEDVHG
PHPEHUVKLSIXQFWLRQLQVWHDGRISRLQWEDVHGPHPEHUVKLSIXQFWLRQLQIX]]\VHW
3UHOLPLQDULHV&RQFHSWVDQG'HILQLWLRQV
,Q WKLV VHFWLRQ VRPHSUHOLPLQDULHVDUH GLVFXVVHGZKLFK VHUYHV DVDQ LPSRUWDQW UROH LQ GHVLJQLQJ WKLVSURWRFRO
6KRUWGHVFULSWLRQVRIWKHVHSUHOLPLQDULHVDUHJLYHQEHORZ
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)X]]\/RJLF
)X]]\ORJLF>@>@>@LVDSDUWRIVRIWFRPSXWLQJLWZDVLQWURGXFHGE\=DGHKZKLFKEHFDPHDPDWKHPDWLFDO
GLVFLSOLQH WR H[SUHVV KXPDQ UHDVRQLQJ LQ ULJRURXV PDWKHPDWLFDO QRWDWLRQ ,W LV D PXOWLYDOXHG ORJLF WKDW DOORZV
LQWHUPHGLDWHYDOXHV WREHGHILQHGEHWZHHQFRQYHQWLRQDOHYDOXDWLRQV OLNH WUXHIDOVH\HVQRHWF1RWLRQV OLNH UDWKHU
ORQJRUYHU\ ORQJ VPDOORUYHU\VPDOOFDQEH IRUPXODWHGPDWKHPDWLFDOO\DQGSURFHVVHG0DQ\DXWKRUV >@ >@
>@ XVHG IX]]\ ORJLF LQ DGKRF QHWZRUN DQG ZLUHOHVV VHQVRU QHWZRUN WR VROYH URXWLQJ SUREOHPV )X]]\ ORJLF
SURYLGHVDVLPSOHZD\WRDUULYHDWDGHILQLWHFRQFOXVLRQEDVHGXSRQYDJXHDPELJXRXVLPSUHFLVHQRLV\RUPLVVLQJ
LQSXWLQIRUPDWLRQ
9DJXH6HW
,QPDWKHPDWLFVYDJXHVHW>@>@>@LVDQH[WHQVLRQRIIX]]\VHWV,QVWHDGRIXVLQJSRLQWEDVHGPHPEHUVKLS
DVLQIX]]\VHWVLQWHUYDOEDVHGPHPEHUVKLSLVXVHGLQDYDJXHVHW,QWHUYDOEDVHGPHPEHUVKLSLQYDJXHVHWVLVPRUH
H[SUHVVLYHLQFDSWXULQJYDJXHQHVVRIWKHGDWD$YDJXHVHW9WLQDXQLYHUVHRIGLVFRXUVH8LVFKDUDFWHUL]HGE\DWUXH
PHPEHUVKLSIXQFWLRQLVĮ9DQGDIDOVHPHPEHUVKLSIXQFWLRQLVȕ9DVIROORZVĮ98ĺ>@ȕ98ĺ>@
DQGĮ9Xȕ9XZKHUHĮ9XLVDORZHUERXQGRQWKHJUDGHRIPHPEHUVKLSRIXGHULYHGIURPWKHHYLGHQFH
IRUXDQGȕ9XLVDORZHUERXQGRQWKHJUDGHRIPHPEHUVKLSRIWKHQHJDWLRQRIXGHULYHGIURPWKHHYLGHQFHDJDLQVW
X
([SHUW6\VWHP
([SHUW V\VWHP>@>@LVDFRPSXWHUSURJUDPWKDWDWWHPSWVWRDFWOLNHDKXPDQH[SHUW LQDSDUWLFXODU VXEMHFW
DUHDWRVROYHSDUWLFXODUXQSUHGLFWDEOHSUREOHP6RPHWLPHLWLVRIWHQXVHGWRDGYLFHQRQH[SHUWVLQVLWXDWLRQVZKHUHD
KXPDQH[SHUWLVXQDYDLODEOH,WVFRUHHOHPHQWVDUHNQRZOHGJHEDVHGV\VWHPDQGLQIHUHQFHHQJLQH7KHILUVWHOHPHQW
NQRZOHGJH EDVHG V\VWHP LV VRIWZDUH WKDW XVHV DUWLILFLDO LQWHOOLJHQFH WHFKQLTXHV WR VROYH DQ\ SUREOHP LQ DPRUH
HIILFLHQWZD\,WLQFOXGHVDGDWDEDVHRIH[SHUWNQRZOHGJHWKDWKHOSVWRUHWULHYHUHVXOWVEDVHGRQVSHFLILFTXHULHVRU
FRQGLWLRQV 7KH VHFRQG HOHPHQW LQIHUHQFH HQJLQHV WKDW SURFHVV WKH GDWD E\ XVLQJ D UXOH EDVHG NQRZOHGJH
UHSUHVHQWDWLRQ
3URSRVHG3URWRFRO
7KHSURSRVHGSURWRFROLVEDVHGRQLQWHUYDOEDVHGPHPEHUVKLSIXQFWLRQZKLFKGULYHQE\DQH[SHUWV\VWHP([SHUW
V\VWHPXVHV D YDJXH VHW WR HYDOXDWH HQHUJ\ HIILFLHQW URXWH ,Q WKLVPHWKRG WZR LQSXW YDULDEOHV DUH FRQVLGHUHG DV
HQHUJ\ DQG GLVWDQFH DQG RQH RXWSXW YDULDEOH FRQVLGHUV DV D UDWLQJ RI WKH URXWH ,Q WKLV SURSRVHG SURWRFRO HQHUJ\
FRQVLGHUV DV  MRXOHV DQG GLVWDQFH FRQVLGHU DV  PHWHUV 0HPEHUVKLS IXQFWLRQV FRUUHVSRQGLQJ WR HDFK LQSXW
YDULDEOHVDUHGHVFULEHGLQ7DEOHDQG7DEOH,Q7DEOHDQG7DEOHUDQJHVRIOLQJXLVWLFYDOXHV(/(/'6'6
DQGVRRQDUHGHILQHVDVLQFUHDVLQJLQQDWXUH
7DEOH0HPEHUVKLSIXQFWLRQRIHQHUJ\
/LQJXLVWLF9DOXHV 1RWDWLRQ 5DQJH %DVHYDOXH
/RZ (/ >(/(/@ 
0HGLXP (0 >(0(0@ 
+LJK (+ >(+(+@ 
351 Santosh Kumar Das and Sachin Tripathi  /  Procedia Computer Science  58 ( 2015 )  348 – 355 
7DEOH0HPEHUVKLSIXQFWLRQRIGLVWDQFH
/LQJXLVWLF9DOXHV 1RWDWLRQ 5DQJH %DVHYDOXH
6KRUW '6 >'6'6@ 
0HGLXP '0 >'0'0@ 
/RQJ '/ >'/'/@ 

$ YDJXH VHW 9 LQ D XQLYHUVH RI GLVFRXUVH 8 LV FKDUDFWHUL]HG E\ D WUXH PHPEHUVKLS IXQFWLRQ ĮY DQG D IDOVH
PHPEHUVKLSIXQFWLRQȕYDVIROORZV
ĮY8ĺ>@ȕY8ĺ>@DQGĮYXȕYX
,WSURYLGHVDQLQWHUSUHWDWLRQRIPHPEHUVKLSJUDGHV)RUH[DPSOHWKHYDJXHSUHGLFDWHUHODWHGWRHQHUJ\VXFKDV
³HQHUJ\ LV ORZHU´ LV JLYHQ E\ D XQLTXH LQWHUYDO > @ ZKLFK PHDQV WKH WUXH PHPEHUVKLS Į LV  DQG IDOVH
PHPEHUVKLSȕLVWKDWLVȕ 6RWKHYDJXHPHPEHUVKLSYDOXHIRUDQRGHKDYLQJORZHQHUJ\LV>@,WPD\
EH ZULWWHQ DV > @  (/ ZKLFK VWDQGV IRU WKH ORZHU ERXQG RI PHPEHUVKLS RI (/ LV WKH PLQLPXP RI IX]]\
PHPEHUVKLSDQGWKHXSSHUERXQGDUHWKHPD[LPXPRIIX]]\PHPEHUVKLSLV7KXVWKHIROORZLQJFDQEHZULWWHQ
DVIRURWKHUOLQJXLVWLFYDOXHVVXFKDVHQHUJ\LV/RZ0HGLXPDQG+LJKDVZHOODVGLVWDQFHLV6KRUW0HGLXPDQG
/RQJUHVSHFWLYHO\DVVKRZQEHORZ
Į(/ȕ(/Į(0ȕ(0Į(+ȕ(+Į'6ȕ'6Į'0ȕ'0DQGĮ
'/ȕ'/
7KXVZHKDYHDFRUUHVSRQGLQJYDJXHVHW9W ^999999`ZKHUH999DUHHOHPHQWVRIWKHILUVW
LQSXWSDUDPHWHUDQG99DQG9DUHHOHPHQWVRIWKHVHFRQGLQSXWSDUDPHWHU7KHYDOXHRIHDFKHOHPHQWLVJLYHQ
EHORZ
9 (/Į(/ȕ(/9 (0Į(0ȕ(09 (+Į(+ȕ(+9 '6Į'6
ȕ'69 '0Į'0ȕ'09 '/Į'/ȕ'/
(DFKHOHPHQWRIYDJXHVHWFRQVLVWVRIWZRHOHPHQWVILUVWLVDWUXHPHPEHUVKLSIXQFWLRQLVĮYDQGDQRWKHULVIDOVH
PHPEHUVKLSIXQFWLRQLVȕY7KHYDOXHRIWUXHDQGIDOVHPHPEHUVKLSIXQFWLRQDUHWDNHQIURP7DEOHDQG7DEOHDV
JLYHQEHORZ
Į(/>@ȕ(/>@Į(0>@ȕ(0>@Į(+>@ȕ(+>
@Į'6>@ȕ'6>@Į'0>@ȕ'0>@Į'/>@DQGȕ'/
>@
,QWKHUHDOZRUOGWKHUHYDJXHO\VSHFLILHGGDWDYDOXHVLQPDQ\DSSOLFDWLRQVVXFKDVVHQVRULQIRUPDWLRQRI:61
PRELOHQRGHLQIRUPDWLRQRI0$1(7HWF,QWKLVSDSHUIRUWKHPRVWVXLWDEOHDQGLGHDOVROXWLRQ WKDWH[SHUWV\VWHP
GLVFDUG IDOVH PHPEHUVKLS IXQFWLRQ DQG FKRVHQ RQO\ WUXH PHPEHUVKLSV IXQFWLRQ Į IRU EHWWHU VROXWLRQ $ WUXH
PHPEHUVKLSIXQFWLRQRIERWKLQSXWSDUDPHWHUVKHOSVWRGHYLVHIX]]\LPSOLFDWLRQ7KHVHIX]]\LPSOLFDWLRQVDUHXVHG
IRUURXWHVHOHFWLRQLQ0$(17ZKLFKLVJLYHQLQ7DEOH)RUFRPSDULQJGLIIHUHQWURXWHRIWKH0$1(7UDWLQJRIWKH
URXWHLVFDOFXODWHGE\WKH(TJLYHQEHORZ
5LM PHDQRIĮ(LPHDQRIĮ'M
7KH UDWLQJ RI GLIIHUHQW URXWH JLYHQ LQ 7DEOH  (DFK5LM LV D OLQJXLVWLF YDULDEOH KDYLQJ GLIIHUHQW YDOXHVZKLFK
GHWHUPLQHWKHQDWXUHRIWKHURXWHLQ0$1(7
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7DEOH)X]]\LPSOLFDWLRQIRUURXWHVHOHFWLRQ
5XOHQR ,OOXPLQDWLRQRIIX]]\LPSOLFDWLRQ
 ,)(QHUJ\LVĮ(/DQG'LVWDQFHLVĮ'/WKHQ5DWLQJRI5RXWHLV59%
 ,)(QHUJ\LVĮ(/DQG'LVWDQFHLVĮ'0WKHQ5DWLQJRI5RXWHLV5%
 ,)(QHUJ\LVĮ(/DQG'LVWDQFHLVĮ'6WKHQ5DWLQJRI5RXWHLV56
 ,)(QHUJ\LVĮ(0DQG'LVWDQFHLVĮ'/WKHQ5DWLQJRI5RXWHLV50
 ,)(QHUJ\LVĮ(0DQG'LVWDQFHLVĮ'0WKHQ5DWLQJRI5RXWHLV5/*
 ,)(QHUJ\LVĮ(0DQG'LVWDQFHLVĮ'6WKHQ5DWLQJRI5RXWHLV5*
 ,)(QHUJ\LVĮ(+DQG'LVWDQFHLVĮ'/WKHQ5DWLQJRI5RXWHLV59*
 ,)(QHUJ\LVĮ(+DQG'LVWDQFHLVĮ'0WKHQ5DWLQJRI5RXWHLV5(
 ,)(QHUJ\LVĮ(+DQG'LVWDQFHLVĮ'6WKHQ5DWLQJRI5RXWHLV59(
7DEOH,OOXPLQDWLRQRIUDWLQJIRUGLIIHUHQWURXWH
5RXWHQR $EEUHYLDWLRQ ,OOXPLQDWLRQRIUDWLQJ 5DWLQJRIURXWH
5 59% 9HU\%DG 
5 5% %DG 
5 56 6DWLVIDFWRU\ 
5 50 0HGLXP 
5 5/* /HVV*RRG 
5 5* *RRG 
5 59* 9HU\*RRG 
5 5( ([FHOOHQW 
5 59( 9HU\([FHOOHQW 

7KXV HDFK URXWH KDV D VSHFLILF UDWLQJ LQ0$1(7 ,Q7DEOH  WKH VHTXHQFH RI GLIIHUHQW URXWH EDVHG RQ WKHLU
GHVFHQGLQJRUGHUUDWLQJLV5!5!5!5!5!5!5!5!5+HQFHH[SHUWV\VWHPFKRRVHV5DVDQRSWLPDOHQHUJ\
HIILFLHQW URXWHEHFDXVH LWKDVKLJKHUHQHUJ\DQGVKRUWHVWGLVWDQFHDQG5DVWKHZRUVWFKRLFH URXWHEHFDXVH LWKDV
ORZHUHQHUJ\DQGORQJHVWGLVWDQFH
6LPXODWLRQ5HVXOWVDQG$QDO\VLV
%DVHGRQGLIIHUHQWVXUYH\WKLVLVWKHILUVWUHVHDUFKDWWHPSWWRHQHUJ\HIILFLHQWURXWLQJXVLQJYDJXHVHW6RLQWKLV
SDSHUWRGHPRQVWUDWHWKHEHQHILWVRIWKHSURSRVHGURXWLQJSURWRFROWKHSHUIRUPDQFHVRIWKHSURWRFROZLWKUHVSHFWWR
WKH WKURXJKSXWDQGSDFNHW ORVVDUHVLPXODWHGXVLQJ WKH16+HUHZHXVHG$2'9SURWRFRO IRUFRPSDULVRQ7KLV
SURWRFRO LV QRW DQ HQHUJ\ HIILFLHQW SURWRFRO VR ILUVW LWPDNHV DV DQ HQHUJ\ HIILFLHQW URXWLQJ SURWRFRO E\ HQDEOLQJ
HQHUJ\ WR DOO PRELOH QRGHV DQGPDNHV VRPH FKDQJHV LQ DRGYFF DQG DRGYK ILOHV 7R PDNH WKH HQHUJ\ HIILFLHQW
URXWLQJSURWRFROXVLQJDYDJXHVHWZHDJDLQXVHDRGYFFDQGDRGYKILOHDQGFRPSDUHVLWZLWKHQHUJ\HQDEOH$2'9
SURWRFRO$W WKH WLPH FRPSDULQJZHXVHD7&/ VFULSW IRU WHVWLQJ WKH SURSRVHG SURWRFROZLWK WKH H[LVWLQJ$2'9
SURWRFROZLWKLQDSUHGHILQHGP;PJULGDUHD'HWDLOVRIJHQHUDOVLPXODWLRQHQYLURQPHQWDUHGHSLFWHGLQ
7DEOH
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7DEOH7KHVLPXODWLRQHQYLURQPHQW
3DUDPHWHUV 9DOXH 3DUDPHWHUV 9DOXH
166LPXODWRUYHUVLRQ 16 5HFHLYHHQHUJ\ 
7RSRORJ\VL]H ; ,GOHHQHUJ\ 
0DFOD\HUW\SH ,((( 0RELOLW\SDXVHWLPH 6HF
1XPEHURIQRGHV  3DFNHWVL]H %\WHV
3URWRFROVXQGHUWHVW $2'9 3DFNHWLQWHUYDO PV
,QLWLDOHQHUJ\ -RXOHV 1XPEHURI6RXUFH 
7UDQVPLVVLRQHQHUJ\  1XPEHURI'HVWLQDWLRQ 
7KURXJKSXW
7KURXJKSXWLVWKHDPRXQWRIVXFFHVVIXOO\UHFHLYHGSDFNHWVLQDXQLWWLPHDQGLWLVUHSUHVHQWHGLQESV7KURXJKSXW
LVPHDVXUHG E\ WKH IRUPXOD RI QXPEHU RI GHOLYHUHG SDFNHW SDFNHW VL]H WRWDO GXUDWLRQ RI WKH VLPXODWLRQ )LJ
VKRZV D FRPSDULVRQ EHWZHHQ WKH SURSRVHG SURWRFRO ZLWK RWKHU H[LVWLQJ SURWRFROV EDVHG RQ WKURXJKSXW DQG
VLPXODWLRQWLPH
 
 
 
 
 
 
 
 
 
 
 
 
)LJ7KURXJKSXWYV6LPXODWLRQWLPH
3DFNHW/RVV
3DFNHWORVVLVWKHIDLOXUHRIRQHRUPRUHWUDQVPLWWHGSDFNHWVWRDUULYHDWWKHLUGHVWLQDWLRQ,WLVPHDVXUHGE\WKH
GLIIHUHQFHEHWZHHQ WKHJHQHUDWHGDQGUHFHLYHGSDFNHWV)LJVKRZVDFRPSDULVRQEHWZHHQ WKHSURSRVHGSURWRFRO
ZLWKRWKHUH[LVWLQJSURWRFROVEDVHGRQSDFNHWORVVDQGVLPXODWLRQWLPH
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)LJ3DFNHWORVVYV6LPXODWLRQWLPH
&RQFOXVLRQDQG)XWXUH:RUN
,Q WKLV SDSHU ZH XVH D YDJXH VHW IRU HQHUJ\ HIILFLHQW URXWLQJ SURWRFRO IRU 0$1(7 7KHUH DUH GLIIHUHQW
XQFHUWDLQWLHVRIPRELOHQRGHVVXFKDVPRELOLW\GUDLQLQJRIEDWWHU\SRZHUDQGHQHUJ\FRQVXPSWLRQ6RWKHYDJXHVHW
LVPRUHH[SUHVVLYHLQFDSWXULQJYDJXHQHVVRIWKHGDWDEHFDXVHLWLVXVHGLQWHUYDOEDVHGPHPEHUVKLSIXQFWLRQLQVWHDG
RISRLQWEDVHGPHPEHUVKLSIXQFWLRQLQIX]]\VHW+HQFHYDJXHVHWLVSURGXFHGPRUHRXWSHUIRUPUHVXOWZLWKUHVSHFW
WRWKHWKURXJKSXWDQGSDFNHWORVW$QGLWDOVRKHOSVWRLQFUHDVHWKHOLIHWLPHRIWKHQHWZRUNEDVHGRQWUXHPHPEHUVKLS
IXQFWLRQ 7KH IXWXUH ZRUN LQFOXGHV LGHQWLI\LQJ WKH VWDWLVWLF RI QHWZRUN OLIHWLPH EDVHG RQ GLIIHUHQW SDUDPHWHUV DV
YDJXHVHWDQGGHFLGLQJVRPHILWQHVVWKUHVKROGVWDWLVWLFIRUGHWHUPLQLQJWKHUREXVWQHVVRIWKHURXWHEDVHGRQHQHUJ\
HIILFLHQF\$IWHU D FHUWDLQ SHULRG UHYLHZ DOO GDWD IRU GHWHUPLQLQJ WKDWZKDW ILWQHVV YDOXHV DUHPRVW IDYRXUDEOH IRU
HQHUJ\ HIILFLHQW URXWLQJ $QG ILQDOO\ FKRRVH WKH RSWLPDO HQHUJ\ HIILFLHQW URXWHV DQG DOVR QH[W WR RSWLPDO HQHUJ\
HIILFLHQWURXWHVDFFRUGLQJWRWKHQHWZRUNVWDWLVWLF
$FNQRZOHGJHPHQW
,ZRXOGOLNHWRWKDQNVDOOWKHKRQRXUHGDXWKRUVZKRVHDUWLFOHVKDYHKHOSHGPHDORWLQILQDOL]LQJP\UHVHDUFKRQWKH
WRSLF,ZRXOGDOVROLNHWRWKDQNVWRDOOP\IDPLO\PHPEHUV	P\IULHQGVZKRLQLWLDWHGPHIRUWKLVZRUN$WODVW,
ZRXOGOLNHWRWKDQNWKH*2'DOPLJKW\ZKRJDYHFRQILGHQFHWRGRWKHZRUN
5HIHUHQFHV
 6DQWRVK.XPDU'DV6DFKLQ7ULSDWKL DQG$ 3%XUQZDO ,QWHOOLJHQW (QHUJ\&RPSHWHQF\0XOWLSDWK 5RXWLQJ LQ:$1(7 ,QIRUPDWLRQ
6\VWHPV'HVLJQDQG,QWHOOLJHQW$SSOLFDWLRQV6SULQJHU,QGLD
 6DQWRVK.XPDU'DV6DFKLQ7ULSDWKLDQG$3%XUQZDO)X]]\EDVHGHQHUJ\HIILFLHQWPXOWLFDVWURXWLQJIRUDGKRFQHWZRUN&RPSXWHU
&RPPXQLFDWLRQ&RQWURODQG,QIRUPDWLRQ7HFKQRORJ\&,77KLUG,QWHUQDWLRQDO&RQIHUHQFHRQ,(((
 6DQWRVK.XPDU'DV6DFKLQ7ULSDWKLDQG$3%XUQZDO'HVLJQRIIX]]\EDVHGLQWHOOLJHQWHQHUJ\HIILFLHQWURXWLQJSURWRFROIRU:$1(7
&RPSXWHU&RPPXQLFDWLRQ&RQWURODQG,QIRUPDWLRQ7HFKQRORJ\&,77KLUG,QWHUQDWLRQDO&RQIHUHQFHRQ,(((
 $QNXU 2 %DQJ DQG 3UDEKDNDU / 5DPWHNH 0$1(7 +LVWRU\ &KDOOHQJHV $QG $SSOLFDWLRQV ,QWHUQDWLRQDO -RXUQDO RI $SSOLFDWLRQ RU
,QQRYDWLRQLQ(QJLQHHULQJ	0DQDJHPHQW,-$,(0
 *5DYLDQG.5.DVKZDQ$QHZURXWLQJSURWRFROIRUHQHUJ\HIILFLHQWPRELOHDSSOLFDWLRQVIRUDGKRFQHWZRUNV&RPSXWHUV	(OHFWULFDO
(QJLQHHULQJ
 *LO=XVVPDQDQG$GULDQ6HJDOO(QHUJ\HIILFLHQWURXWLQJLQDGKRFGLVDVWHUUHFRYHU\QHWZRUNV$G+RF1HWZRUNV
 &KDQVX<X%HQ/HHDQG+HH<RQJ<RXQ(QHUJ\HIILFLHQWURXWLQJSURWRFROVIRUPRELOHDGKRFQHWZRUNV:LUHOHVVFRPPXQLFDWLRQVDQG
PRELOHFRPSXWLQJ
 %H\/LQJ6X0LQJ6KL:DQJDQG<XHK0LQJ+XDQJ)X]]\ORJLFZHLJKWHGPXOWLFULWHULDRIG\QDPLFURXWHOLIHWLPHIRUUHOLDEOHPXOWLFDVW
URXWLQJLQDGKRFQHWZRUNV([SHUW6\VWHPVZLWK$SSOLFDWLRQV
 .XR4LQ <DQ 6KX&KLQJ :DQJ 0DR/XQ &KLDQJ DQG /LQ<X 7VHQJ $ IX]]\EDVHG 3RZHUDZDUH PDQDJHPHQW IRU PRELOH DG KRF
QHWZRUNV&RPSXWHU6WDQGDUGV	,QWHUIDFHV
 $3%XUQZDO$EKLVKHN.XPDUDQG6DQWRVK.XPDU'DV³$VVHVVPHQWRIIX]]\VHWWKHRU\LQGLIIHUHQWSDUDGLJP´,QWHUQDWLRQDO-RXUQDORI
$GYDQFHG7HFKQRORJ\	(QJLQHHULQJ5HVHDUFKSS
 6DQWRVK.XPDU'DV$EKLVKHN.XPDU%DSSDGLW\D'DVDQG$3%XUQZDO2Q6RIW&RPSXWLQJ7HFKQLTXHVLQ9DULRXV$UHDV&RPSXWHU
6FLHQFH	,QIRUPDWLRQ7HFKQRORJ\
 6DQWRVK.XPDU'DV6DFKLQ7ULSDWKLDQG$3%XUQZDO³6RPH5HOHYDQFH)LHOGVRI6RIW&RPSXWLQJ0HWKRGRORJ\´,QWHUQDWLRQDO-RXUQDO
RI5HVHDUFKLQ&RPSXWHU$SSOLFDWLRQVDQG5RERWLFV9RO,VVXH-XQHSS
 6DQWRVK.XPDU'DV$EKLVKHN.XPDU%DSSDGLW\D'DVDQG$3%XUQZDO³(WKLFVRI5HGXFLQJ3RZHU&RQVXPSWLRQLQ:LUHOHVV6HQVRU
1HWZRUNVXVLQJ6RIW&RPSXWLQJ7HFKQLTXHV´,QWHUQDWLRQDO-RXUQDORI$GYDQFHG&RPSXWHU5HVHDUFK´9RO1R,VVXH0DU 

 6DQWRVK.XPDU'DV%DSSDGLW\D'DVDQG$3%XUQZDO³,QWHOOLJHQWHQHUJ\FRPSHWHQF\5RXWLQJ VFKHPH IRUZLUHOHVV VHQVRU1HWZRUNV´
,QWHUQDWLRQDOMRXUQDORIUHVHDUFKLQFRPSXWHUDSSOLFDWLRQVDQGURERWLFV´9RO,VVXH0DU
 $MD\ .XPDU <DGDY DQG 6DFKLQ 7ULSDWKL /RDG EDODQFHG PXOWLFDVW URXWLQJ SURWRFRO IRU ZLUHOHVV PRELOH DGKRF QHWZRUN &RPSXWHU
&RPPXQLFDWLRQ&RQWURODQG,QIRUPDWLRQ7HFKQRORJ\&,77KLUG,QWHUQDWLRQDO&RQIHUHQFHRQ,(((
 :HQ/XQJ*DXDQG'-%XHKUHU9DJXHVHWV,(((WUDQVDFWLRQVRQV\VWHPVPDQDQGF\EHUQHWLFV
 +%XVWLQFHDQGDQG3%XULOOR9DJXHVHWVDUHLQWXLWLRQLVWLFIX]]\VHWV)X]]\VHWVDQGV\VWHPV
 6K\L0LQJ&KHQ0HDVXUHVRIVLPLODULW\EHWZHHQYDJXHVHWV)X]]\VHWVDQG6\VWHPV
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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